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Ionic Liquids (ILs) are an interesting category of compounds particularly due to the 
possibility to easily synthesize them, with different properties in the lab. The interest for 
ILs with amphiphilic character (IL-like surfactants) has been growing up due to versatility 
in creating useful supramolecular assemblies. In this s ort review, it is described the current 
state of IL-like surfactants to prepare vesicles in water. Particularly, the focus was put on 
the experiments performed by South American research rs using protic and aprotic 
surfactants. Finally, it summarizes some preliminary results obtained in our lab about the 





When amphiphilic molecules are molecularly dispersed in water, the polar part of the 
amphiphile tends to expose itself to bulk water while the hydrophobic part shields itself 
from the aqueous phase. Depending on the amphiphile structure and concentration, 
different types of assembly may form spontaneously. Some lipid structures such as 
phospholipids form bilayer structures.[1] Mostly, the phospholipid-like amphiphiles form 
double-layer structures (lipid bilayers) by contacting the hydrophobic faces of two leaf-like 
monolayer amphiphile assemblies. This lipid bilayer structure extends two-dimensionally 
and forms the covering of a closed sphere that has an internal water environment, similarly 
to a cytomembrane in nature, of a closed sphere that has a water pool inside. Thus capsule-
like structure can be considered a simplified model of a cell, usually called liposome 
(Figure 1). Several other synthetic amphiphiles canform a liposome-like supramolecular 
assembly. Those derived from double-tailed cationic surfactants are usually called vesicles, 
while the term liposome is related to phospholipid assemblies.[1] Vesicles prepared from 
cationic surfactants have advantages such as simple formulations and greater stability to 
hydrolytic and oxidative degradation. Since the discovery of this self-assembly 
phenomenon in the 1960s, lipid-based self-assembled nanostructures have been widely 
studied and applied in drug delivery systems.[2] Thus, a variety of vesicular systems can be 
designed, either to deliver hydrophilic molecules encapsulated in the water core or 





Figure 1. Liposome with a single bilayer. 
 
It is worthy to mention here that, upon solubilizaton in water the phospholipid 
bilayer first exists as a lamella (a flat plate-like structure) before getting converted into 
spheres. Several lamellae of phospholipids bilayers are stacked one on top of the other 
during the formation of liposomes to form a multilamellar structure requiring different 
methods to be transformed into unilamellar vesicles, which is the kind of system suitable 
for physicochemical studies and/or usage as a drug delivery device for living 
organisms.[3,4] Hence, they are not easy to prepare from phospholipids and generally have 
limited stability and shelf-life duration.  
It is known that ionic liquids (ILs) are a powerful a ternative to conventional 
materials by the principles of Green Chemistry because they have negligible vapor pressure 
combined with excellent chemical and thermal stability, ease of recyclability and widely 
tunable properties such as polarity, hydrophobicity, and solvent miscibility through 
appropriate modification of the cation and anion.[5] Although with some disadvantages, [6] 
these properties make ILs potentially environmentally friendly media for many chemical 
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processes. Hence, it is quite interesting to synthesize them [7–10] with amphiphilic 
properties.[11,12] These compounds, called IL-like surfactants, have been used to create 
different kinds of organized systems such as direct mi elles, Reverse Micelles (RMs), and 
vesicles.[8,10,13–18] In the last decade, it has been explored the use of a particular type of 
IL-like surfactant as a possible candidate to form vesicles in water: catanionic surfactants, 
which are a fairly new kind of molecules with very motivating properties as 
amphiphiles.[10] These compounds are the result of the mixture of oppositely charged 
surfactants. In the literature, two categories of catanionic surfactants can be found: i) 
catanionic mixtures, which are simple mixtures of anionic and cationic surfactants without 
the removal of their respective counterions; ii) catanionic systems, which correspond to the 
mixed surfactants where the counterions are removed.[10,19,20] The usual way to obtain 
catanionic systems is by the combination of two opposite charged ionic surfactants, in a 1:1 
molar ratio, followed by the removal of the counterions using an appropriate method.[10] 
The amphiphiles thus obtained have shown the ability to form different organized systems, 
such as direct and RMs[10,21,22], vesicles[10,23], and liquid crystals.[24] Particularly, 
some unilamellar vesicles have been synthesized with ca anionic surfactants and showed 
higher stability when compared to liposomes.[2,25] When the catanionic surfactant, BHD-
AOT (Scheme 1) was synthesized in the lab for the first time it was found that met all 
properties of an IL. The catanionic surfactant BHD-AOT, prepared from an equimolar 
mixture of the anionic surfactant [26] sodium 1,4-bis 2-ethylhexylsulfoccinate (Na-AOT) 
and the cationic surfactant benzyl-n-hexadecyldimethylammonium chloride (BHDC), for 
instance, showed IL-like properties. Dynamic Light Scattering (DLS) results showed that 
the size of the BHD-AOT aggregates about 80 nm [10] is comparable to the size of 
vesicles.[27–30] Small Angle X-Ray Scattering (SAXS) results showed that a vesicle 
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model with a single diffuse lamellar shell is the one that better describes those aggregates, 
indicating that unilamellar vesicles of BHD-AOT [10] were formed in water, without the 
addition of energy to the system, as required by traditional methods.  
Results of emission spectroscopy, using two different probes (6-propionyl-2- 
dimethylaminonaphtalene – PRODAN – and trans-4-[4-(dimetylamino)-styryl]-1- 
methylpyridinium iodide – HC) showed unique properties of BHD-AOT bilayer in 
comparison with vesicles formed using the traditional phospholipid 1,2-di-oleoyl-sn- 
glycero-3-phosphatidylchooline (DOPC)[31], like a powerful electron donor environment, 
Additionally, the BHD-AOT bilayer offers a less polar and slightly more viscous medium 
than DOPC, which allows large incorporation of ionic and nonionic molecules. 
Concerning IL-like surfactants long-chained imidazolium, ILs are the more 
conventional molecules used, including a charged hydrophilic head group and one or more 
hydrophobic tails.[11,12,40,41,32–39] Depending on the hydrogen bond donor ability of 
the components these ILs can be classified as protic and aprotic.[42]  
The aprotic IL 1-butyl-3-methylimidazolium 1,4-bis-2-ethylhexylsulfosuccinate 
(bmim-AOT, Scheme 1), is an interesting case of IL-like surfactant which has been used as 
surfactant to create RMs.[16] Even the behavior of this surfactant in aqueous media was 
previously reported [11,43], although it is not clear which kind of aggregates are formed in 
water. For example, at low concentrations, when interactions between aggregates are 
minimized, their behavior was not evaluated. 
Recently Garcia et al.[44] reported the spontaneous f rmation of vesicles in an 
aqueous solution of catanionic mixtures composed of different IL-like surfactants, 
methylimidazolium- or pyridinium-based, non-functionalized or bearing an ester or amide 
group in the alkyl chain, and the anionic surfactant Na-AOT. They showed that the 
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catanionic mixtures studied exhibit high antimicrobial activity against fungi and most 
Gram-positive bacteria and low toxicity to Gram-negative microorganisms. These 
properties could be of special interest for their application in nanotechnology and 
pharmaceutical formulations. 
In this review, recent studies, performed by South-American researchers, involving 
the formation of vesicles using different amphiphilic ILs are described. 
 



































Vaid et al. [40] investigated the effects of a well-known anti-inflammatory drug 
(diclofenac sodium, DS) on the morphology of aqueous micellar aggregates of two ILs-like 
surfactants: 1-hexadecyl-3-vinylimidazoliumbromide and 1-hexadecyl-3-
methylimidazolium bromide, for potential therapeutic use as drug delivery systems in 
topical applications. They employed several techniques such as turbidity, viscosity, DLS, 
and transmission electron microscopy (TEM). They found that the DS-induced 
morphological changes of the micellar aggregates depend on the concentration of DS and 
the structure of the surfactant head-group. The observed transitions from spherical 
micelles/worm-like micelles/vesicles are considered as due to the interaction between the 
anionic diclofenac and the imidazolium ring. The changes in morphology agree with the 
expected effects of DS on the packing parameter of the aggregates. They also studied that 
cholesterol induces the transition to unilamellar vesicle formed in aqueous medium with the 
functionalized and nonfunctionalized ILs based surfactants named before and compared 
with cetyltrimethylammonium bromide.[41] They explore the effect of cholesterol 
concentration on the surfactant solution and determine the optimal concentration which 
provides unilamellar vesicles. They show for the first time that cholesterol can induce 
vesicle formation in the functionalized surfactant, 1-hexadecyl-3-vinylimidazolium 
bromide. This surfactant displays micellar transition at a lower concentration of the 
cholesterol and forms more rigid and hydrophobic bilayer among the studied amphiphiles. 
The vesicles obtained with the three surfactants show great stability with time, temperature, 
and dilution with water. Additionally, Vaid et al. [39] studied salt-induced vesicle 
formation in the same functionalized and vinyl functionalized ILs-like surfactants to obtain 
insight into which are the factors that influence th  structure of the formed aggregates. 
Electrostatic attraction, hydrophobic interaction, cation–π and π–π interactions along with 
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H-bonding interaction between the aromatic anions of the salt and ILs based surfactant 
monomers are the major factors, which govern the formation of larger aggregates for these 
compare to cationic conventional surfactants. 
Like previously mentioned, IL bmim-AOT can form RMs.[16] Recently, the ability 
of bmim-AOT to form aggregates in dilute aqueous soluti n was evaluated, and to 
investigate the effect of counterions on the properties of the formed aggregates, 1-hexyl-3- 
methylimidazolium 1,4-bis-2-ethylhexylsulfosuccinate (hmim-AOT, Scheme 1) was also 
investigated.[45] Both the ILs were very soluble in water, and opalescent solutions stable 
over time were obtained, suggesting the formation of large aggregates.[46] By DLS, 
diameters ranging from 146 - 164 nm for bmim-AOT and, from 93 - 120 nm for hmim-
AOT, with low polydispersity indexes were detected. These size values were independent 
of the surfactant concentration being good evidence that the aggregates spontaneously 
formed are vesicles and not direct micelles.[11,30,4 ,47–50] The negative zeta potential 
values showed in both vesicles (bmim-AOT: -21 mV and hmim-AOT: -16 mV), suggests 
that the anionic part of the amphiphile is exposed to the outer region of the vesicular 
bilayer. Moreover, the low polydispersity index values, indicate that they are unilamellar 
vesicles.[9,10] These results are very interesting because the precursor surfactant (Na-
AOT) of both ILs cannot form spontaneously unilamellar vesicles in water at the surfactant 
concentrations evaluated.[30,43,47–51] On the other hand, several reports have shown data 
about the vesicle formation with Na-AOT but use different methodologies to prepare them 
(such as extrusion).[52–57] Therefore, the chemical structure of the cationic components in 
these new surfactants strongly impacts their aggregation process.[11,43,57] As an 
interesting application, both vesicles were combined with DNA showing that the length of 
the hydrophobic chains of the counterions influences the DNA-surfactant interactions.[45] 
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Circular dichroism experiments were performed to investigate the interactions between 
DNA and the vesicles. The spectra show that the vesicles interact with the DNA partially 
modifying the polynucleotide conformation. These results deserve further investigation 
evidence that these vesicles are prone to be used in DNA extraction, gene therapy, and 
gene transfection.  
Taking into account the versatility that the ILs synthesis offers, a protic IL with 
amphiphilic character (1-methylimidazolium bis-(2-ethylhexyl)phosphate - imim-DEHP, 
Scheme 1) was synthesized by the acid-base reaction between bis-(2- 
ethylhexyl)phosphoric acid (HDEHP) and 1-methylimidazole.[9] Imim-DEHP 
demonstrated to form RMs in no polar solvents.[9,58] Moreover, it forms spherical 
aggregates in water with diameters ranging from 120- 4  nm with a low polydispersity 
index (0.1-0.3) as measured by DLS and TEM techniques. Furthermore, all the data are 
consistent with the spontaneous formation of unilamellar vesicles. Formation of aggregates 
at low concentrations (10-5 M) and the detection of aggregates larger than a few
nanometers,[51,59,60] suggest that the formed structures are probably vesicles and not 
direct micelles. Additionally, these vesicles have  zeta potential values around -46 mV at 
the different surfactant concentrations explored, suggesting that anionic moieties are 
exposed to the outer face of the vesicle bilayer. These facts are promising since sodium bis-
(2-ethylhexyl) phosphate (Na-DEHP), which is difficult to synthesize, forms in water 
multilamellar aggregates with a diameter around 50 nm.[61,62] Additionally, HDEHP does 
not present the ability to form vesicles in water, denoting that the chemical structure of the 
cationic component in the new surfactant impact strongly in its aggregation process.[43] 
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Thus, the easy method to form imim-DEHP and its preliminary properties make it an 
interesting candidate for drug delivery applications. 
In comparison with traditional phospholipids such as DOPC, the catanionic 
surfactant BHD-AOT forms spontaneously unilamellar vesicles with distinctive properties, 
such as polarity and viscosity of the bilayer.[10,31] As a complementary exploration, it has 
been evaluated the permeability (P) of the bilayer of BHD-AOT vesicles. The coefficient P-
value was measured using a non-traditional technique such as the electrochemistry and a 
solute model: 1-naphthyl phosphate (1-NP).[63] Thus, 1-NP was added in the external 
aqueous phase of the vesicle with the encapsulated enzyme (alkaline phosphatase). To react 
with the enzyme, 1-NP must cross the vesicle bilayer yi lding 1-naphtholate, which was 
detected by a square wave voltammetry. A value of P= (1.00 ± 0.15) × 10-9 cm s-1 was 
obtained, which is comparable, for example to P values of DOPC vesicles.[63] Thus, 
electrochemical detection proved to be a good alterna ive to measure the permeability of 
vesicle solutions, in which the turbidity of the sample makes the use of spectroscopic 
methods more difficult. 
Taking into account our previous characterization of BHD-AOT vesicles and, to use 
them as drug delivery agents, they were evaluated under different pH conditions.[64] The 
diameter values of the BHD-AOT vesicles determined by DLS at different times at low pHs 
values (pH ≤ 2) to simulate stomach like conditions show that te vesicles are stable during 
about 90 minutes, after that, the size value decreases sharply to almost half of the original 
size. Moreover, during the first 90 minutes of expositi n, the polydispersity reminds almost 
constant and then increases abruptly. Interestingly, even that the BHD-AOT vesicles turn 
unstable under acidic conditions at longer times, which is one remarkable difference when 
compared to the vesicles obtained using traditional phospholipids, which do not resist the 
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low pH values and collapse due to hydrolysis.[65] The BHD-AOT chemical structure (see 
Scheme 1), do not seem to suffer the same lysis process that DOPC vesicles in acidic 
environments (pH ≤ 2). The results of in vitro (globular resistance, MTT, trypan blue), in 
vivo (Dose lethal 50 and toxicity chronic) and stomach like pH simulation studies, 
demonstrate that they are safe for living systems due to the low toxicity observed in doses 
lower than 0.05 mg/mL in vitro or 118.6 mg/Kg in vivo. This characteristic makes the 
BHD-AOT vesicle highly biocompatible and a very capable candidate for oral drug 
delivery. In this sense, very recently [66] it was demonstrated that BHD-AOT vesicles 
showed appropriate properties to encapsulate and protect insulin. Moreover, in vivo assays 
in mice show a significant decrease in glycemia after oral administration (Scheme 2). The 
described results confirm that BHD-AOT vesicles are a potential system to be 
administrated in different ways (oral, for example) as an alternative strategy to 





Scheme 2. BHD-AOT vesicles used to deliver insulin. Graph adapted from reference [66]. 
 
Conclusions and perspectives 
 In this short review, it has been shown works that demonstrate how amphiphilic ILs, 
can be used to generate easily unilamellar vesicles n aqueous solutions. They are formed 
spontaneously and do not require additives or extra energy. They are stable in neutral 
conditions. Their bilayer has been characterized by a variety of methods including 
electrochemical method that was developed to measur their permeability and an 
electrochemical method was developed to measure their permeability. Moreover, it is 
important to emphasize that the amphiphilic ILs are no more expensive than a common IL 
or conventional surfactant retaining all the sustainable properties of ILs. These studies are 
very promising since vesicles are of technological nterest for many applications such as 
drug delivery, bioseparations, and sensing and maybe good substitutes for liposomes.  
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1-NP: 1-naphthyl phosphate. 
BHD-AOT: benzyl-n-hexadecyldimethylammonium 1,4-bis2-ethylhexylsulfoccinate. 
BHDC: benzyl-n-hexadecyldimethylammonium chloride. 
bmim-AOT: 1-butyl-3-methylimidazolium 1,4-bis-2-ethyl exylsulfosuccinate. 
DLS: Dynamic Light Scattering. 
DOPC: 1,2-di-oleoyl-sn- glycero-3-phosphatidylcholine. 
DS: Diclofenac Sodium. 
HC: trans-4-[4-(dimetylamino)-styryl]-1- methylpyridinium iodide. 
HDEHP: bis-(2- ethylhexyl)phosphoric acid.  
hmim-AOT: 1-hexyl-3- methylimidazolium 1,4-bis-2-ethylhexylsulfosuccinate. 
ILs: Ionic Liquids. 
imim-DEHP: 1-methylimidazolium bis-(2-ethylhexyl)phosphate. 
MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide. 
Na-AOT: Sodium 1,4-bis-2-ethylhexylsulfoccinate. 
Na-DEHP: sodium bis-(2-ethylhexyl) phosphate.  
P: permeability.  
PRODAN: 6-propionyl-2- dimethylaminonaphtalene. 
RMs: Reverse Micelles. 
SAXS: Small Angle X-Ray Scattering. 





[1] A.K.. K. T., Supramolecular Chemistry – Fundamentals and Applications. Advanced 
Textbook; Springer: Heidelberg 2006, 2006. https://doi.org/10.1007/b84082. 
[2] Z. Zhao, W. Yao, N. Wang, C. Liu, H. Zhou, H. Chen, W. Qiao, Synthesis and 
evaluation of mono- and multi-hydroxyl low toxicity pH-sensitive cationic lipids for 
drug delivery, Eur. J. Pharm. Sci. 133 (2019) 69–78. 
https://doi.org/10.1016/j.ejps.2019.03.018. 
[3] N.M. Correa, H. Zhang, Z.A. Schelly, Preparation of AgBr Quantum Dots via 
Electroporation of Vesicles, J. Am. Chem. Soc. 122 (2000) 6432–6434. 
https://doi.org/10.1021/ja000073i. 
[4] M.A. Luna, J.J. Silber, L. Sereno, N.M. Correa, F. Moyano, Determining the 
substrate permeability through the bilayer of large unilamellar vesicles of DOPC. A 
kinetic study, RSC Adv. 6 (2016) 62594–62601. https://doi.org/10.1039/c6ra12847e. 
[5] T. Welton, Ionic liquids: a brief history, Biophys. Rev. 10 (2018) 691–706. 
https://doi.org/10.1007/s12551-018-0419-2. 
[6] R. Kohli, Chapter 16 - Applications of Ionic Liquids in Removal of Surface 
Contaminants, in: R. Kohli, K.L.B.T.-D. in S.C. and C.A. of C.T. Mittal (Eds.), 
Elsevier, 2019: pp. 619–680. https://doi.org/https://doi.org/10.1016/B978-0-12-
815577-6.00016-5. 
[7] J.P. Hallett, T. Welton, Room-temperature ionic liquids: Solvents for synthesis and 
catalysis. 2, Chem. Rev. 111 (2011) 3508–3576. https://doi.org/10.1021/cr1003248. 
[8] B.K. Paul, S.P. Moulik, Ionic Liquid-Based Surfactant Science, John Wiley & Sons, 
Inc, Hoboken, NJ, 2015. https://doi.org/10.1002/9781118854501. 
16 
 
* [9] C.M.O. Lépori, J.J. Silber, R.D. Falcone, N.M. Correa, Improvement of the 
amphiphilic properties of a dialkyl phosphate by creation of a protic ionic liquid-like 
surfactant, RSC Adv. 7 (2017) 44743–44750. https://doi.org/10.1039/c7ra08907d.  
The authors synthetize for the first time a novel protic surfactant which is an ionic liquid 
able to form reverse micelles and vesicles. This is a novel ionic liquid-like surfactant 
derived from dialkyl phosphate. 
[10] C.C. Villa, F. Moyano, M. Ceolin, J.J. Silber, R.D. Falcone, N.M. Correa, A unique 
ionic liquid with amphiphilic properties that can form reverse micelles and 
spontaneous unilamellar vesicles, Chem. - A Eur. J. 18 (2012) 15598–15601. 
https://doi.org/10.1002/chem.201203246. 
[11] P. Brown, C.P. Butts, J. Eastoe, D. Fermin, I. Grillo, H.C. Lee, D. Parker, D. Plana, 
R.M. Richardson, Anionic surfactant ionic liquids with 1-Butyl-3-methyl-
imidazolium cations: Characterization and application, Langmuir. 28 (2012) 2502–
2509. https://doi.org/10.1021/la204557t. 
[12] C.M.O. Lépori, N.M. Correa, J.J. Silber, R.D. Falcone, How the cation 1-butyl-3-
methylimidazolium impacts the interaction between the entrapped water and the 
reverse micelle interface created with an ionic liquid-like surfactant, Soft Matter. 12 
(2016) 830–844. https://doi.org/10.1039/c5sm02421h. 
[13] R.D. Falcone, N.M. Correa, J.J. Silber, N.E. Levinger, Ionic Liquids in Soft 
Confinement, in: Ion. Liq. Surfactant Sci., John Wiley & Sons, Inc, Hoboken, NJ, 
NJ, NJ, 2015: pp. 283–301. https://doi.org/10.1002/9781118854501.ch14. 
[14] C.C. Villa, N.M. Correa, J.J. Silber, F. Moyano, R.D. Falcone, Singularities in the 
physicochemical properties of spontaneous AOT-BHD unilamellar vesicles in 




[15] C.C. Villa, J.J. Silber, N.M. Correa, R.D. Falcone, Effect of the Cationic Surfactant 
Moiety on the Structure of Water Entrapped in Two Catanionic Reverse Micelles 
Created from Ionic Liquid-Like Surfactants, ChemPhysChem. 15 (2014) 3097–3109. 
https://doi.org/10.1002/cphc.201402307. 
[16] C.M.O. Lépori, N.M. Correa, J.J. Silber, R.D. Falcone, How the cation 1-butyl-3-
methylimidazolium impacts the interaction between the entrapped water and the 
reverse micelle interface created with an ionic liquid-like surfactant, Soft Matter. 12 
(2016) 830–844. https://doi.org/10.1039/c5sm02421h. 
[17] C.M.O. Lépori, N.M. Correa, J.J. Silber, F. Vaca Chávez, R.D. Falcone, Interfacial 
properties modulated by the water confinement in reverse micelles created by the 
ionic liquid-like surfactant bmim-AOT, Soft Matter. 15 (2019) 947–955. 
https://doi.org/10.1039/C8SM02217H. 
[18] A.A.C. Toledo Hijo, G.J. Maximo, M.C. Costa, R.L. Cunha, J.F.B. Pereira, K.A. 
Kurnia, E.A.C. Batista, A.J.A. Meirelles, Phase Behavior and Physical Properties of 
New Biobased Ionic Liquid Crystals, J. Phys. Chem. B. 121 (2017) 3177–3189. 
https://doi.org/10.1021/acs.jpcb.7b01384. 
[19] C.C. Villa, J.J. Silber, R.D. Falcone, N.M. Correa, Subtleties of catanionic surfactant 
reverse micelle assemblies revealed by a fluorescent molecular probe, Methods 
Appl. Fluoresc. 5 (2017). https://doi.org/10.1088/2050-6120/aa7b64. 
[20] B.F.B. Silva, E.F. Marques, U. Olsson, Aqueous phase behavior of salt-free 
catanionic surfactants: The influence of solubility mismatch on spontaneous 




[21] P. Jokela, B. Jönsson, A. Khan, Phase equilibria of catanionic surfactant-water 
systems, J. Phys. Chem. 91 (1987) 3291–3298. https://doi.org/10.1021/j100296a037. 
[22] B.F.B. Silvas, E.F. Marques, U. Olsson, R. Pons, Headgroup effects on the unusual 
lamellar-lamellar coexistence and vesicle-to-micelle transition of salt-free catanionic 
amphiphiles, Langmuir. 26 (2010) 3058–3066. https://doi.org/10.1021/la902963k. 
[23] B.F.B. Silva, E.F. Marques, U. Olsson, Unusual vesicle-micelle transitions in a salt-
free catanionic surfactant: Temperature and concentration effects, Langmuir. 24 
(2008) 10746–10754. https://doi.org/10.1021/la801548s. 
[24] B.F.B. Silva, E.F. Marques, U. Olsson, Lamellar miscibility gap in a binary 
catanionic surfactant - Water system, J. Phys. Chem. B. 111 (2007) 13520–13526. 
https://doi.org/10.1021/jp076321f. 
[25] A. Mal, S. Bag, S. Ghosh, S.P. Moulik, Physicochemistry of CTAB-SDS interacted 
catanionic micelle-vesicle forming system: An extend d exploration, Colloids 
Surfaces A Physicochem. Eng. Asp. 553 (2018) 633–644. 
https://doi.org/10.1016/j.colsurfa.2018.05.099. 
[26] N.M. Correa, J.J. Silber, R.E. Riter, N.E. Levinger, Nonaqueous Polar Solvents in 
Reverse Micelle Systems, Chem. Rev. 112 (2012) 4569–4 02. 
https://doi.org/10.1021/cr200254q. 
[27] R.R.C. New, ed., Liposomes. A practical approach, Oxford University Press inc., 
New York, 1997. 
[28] D.D. Lasic, Liposomes: from physics to applicat ons, Elsevier Science B.V., 
Amsterdam, 1995. 
[29] P. Walde, S. Ichikawa, Enzymes inside lipid vesicles: Preparation, reactivity and 




[30] P. Brown, C. Butts, R. Dyer, J. Eastoe, I. Grillo, F. Guittard, S. Rogers, R. Heenan, 
Anionic surfactants and surfactant ionic liquids with quaternary ammonium 
counterions, Langmuir. 27 (2011) 4563–4571. https://doi.org/10.1021/la200387n. 
[31] C.C. Villa, N.M. Correa, J.J. Silber, F. Moyano, R.D. Falcone, Singularities in the 
physicochemical properties of spontaneous AOT-BHD unilamellar vesicles in 
comparison with DOPC vesicles, Phys. Chem. Chem. Phys. 17 (2015) 17112–17121. 
https://doi.org/10.1039/C5CP02387D. 
[32] O.A. El Seoud, P.A.R. Pires, T. Abdel-Moghny, E.L. Bastos, Synthesis and micellar 
properties of surface-active ionic liquids: 1-Alkyl-3-methylimidazolium chlorides, J. 
Colloid Interface Sci. 313 (2007) 296–304. 
https://doi.org/10.1016/j.jcis.2007.04.028. 
[33] A. Shah, M. Kuddushi, S. Rajput, O.A. El Seoud, N.I. Malek, Ionic Liquid-Based 
Catanionic Coacervates: Novel Microreactors for Membrane-Free Sequestration of 
Dyes and Curcumin, ACS Omega. 3 (2018) 17751–17761. 
https://doi.org/10.1021/acsomega.8b02455. 
[34] M. Kuddushi, N.K. Patel, S. Rajput, A. Shah, O.A. El Seoud, N.I. Malek, Thermo-
Switchable de Novo Ionic Liquid-Based Gelators with Dye-Absorbing and Drug-
Encapsulating Characteristics, ACS Omega. 3 (2018) 12068–12078. 
https://doi.org/10.1021/acsomega.8b01984. 
[35] M. Rojas, Z. Miskolczy, L. Biczók, P. Pavez, Effect of amino acid addition on the 
micelle formation of the surface-active ionic liquid 1-tetradecyl-3-




[36] F.I. Ziembowicz, C.R. Bender, C.P. Frizzo, M.A.P. Martins, T.D. De Souza, C.L. 
Kloster, I.T. Santos Garcia, M.A. Villetti, Thermodynamic Insights into the Binding 
of Mono- and Dicationic Imidazolium Surfactant Ionic Liquids with Methylcellulose 
in the Diluted Regime, J. Phys. Chem. B. 121 (2017) 8385–8398. 
https://doi.org/10.1021/acs.jpcb.7b03525. 
[37] M.O. Vieira, W.F. Monteiro, R. Ligabue, M. Seferin, V. V. Chaban, N.A. Andreeva, 
J.F. do Nascimento, S. Einloft, Ionic liquids composed of linear amphiphilic anions: 
Synthesis, physicochemical characterization, hydrophilicity and interaction with 
carbon dioxide, J. Mol. Liq. 241 (2017) 64–73. 
https://doi.org/10.1016/j.molliq.2017.06.006. 
[38] C.P. Frizzo, C.R. Bender, P.R.S. Salbego, C.A.A. Farias, M.A. Villetti, M.A.P. 
Martins, Heteroassembly Ability of Dicationic Ionic Liquids and Neutral Active 
Pharmaceutical Ingredients, ACS Omega. 3 (2018) 2282– 291. 
https://doi.org/10.1021/acsomega.7b02097. 
* [39] Z.S. Vaid, S.M. Rajput, A. Shah, Y. Kadam, A. Kumar, O.A. El Seoud, J.P. Mata, 
N.I. Malek, Salt-Induced Microstructural Transitions in Aqueous Dispersions of Ionic-
Liquids-Based Surfactants, ChemistrySelect. 3 (2018) 4851–4858. 
https://doi.org/10.1002/slct.201800041.  
By using viscosity, dynamic light scattering and transmission electron microscopy 
measurements the authors studied the micelle to vesicle transition induced by the addition 
of sodium salicylate. This works was the first about functionalized and non-functionalized 
ionic liquid-like surfactants derived from alkyl imdazolium bromides. 
21 
 
** [40] Z.S. Vaid, A. Kumar, O.A. El Seoud, N.I. Malek, Drug induced micelle-to-vesicle 
transition in aqueous solutions of cationic surfactants, RSC Adv. 7 (2017) 3861–3869. 
https://doi.org/10.1039/c6ra25577a.  
The authors determined the effects of diclofenac sodium on the morphology of two ILs-like 
surfactants dissolved in water. This work is particularly interesting due to the potential 
therapeutic use as drug delivery in topical applications. 
* [41] Z.S. Vaid, S.M. Rajput, M. Kuddushi, A. Kumar, O.A. El Seoud, N.I. Malek, 
Synergistic interaction between cholesterol and functio alized ionic liquid based surfactant 
leading to the morphological transition, ChemistrySelect. 3 (2018) 1300–1308. 
https://doi.org/10.1002/slct.201702561.  
By using cholesterol the authors explore the transition from micelles to unilamellar vesicle 
employing imidazolium ionic liquids-like surfactants. Techniques such as turbidity, steady 
state absorbance and fluorescence, dynamic light scattering and transmission electron 
microscopy were used to determining the optimal concentration which provides unilamellar 
vesicles. 
[42] C.J. Drummond, T.L. Greaves, Protic Ionic Liquids- Properties and Applications, 
Chem. Rev. 108 (2008) 31. https://cdn-pubs.acs.org/d i/10.1021/cr068040u. 
[43] N. Cheng, X. Ma, X. Sheng, T. Wang, R. Wang, J. Jiao, L. Yu, Aggregation 
behavior of anionic surface active ionic liquids with double hydrocarbon chains in 
aqueous solution: Experimental and theoretical investigations, Colloids Surfaces A 
Physicochem. Eng. Asp. 453 (2014) 53–61. 
https://doi.org/10.1016/j.colsurfa.2014.03.083. 
** [44] M.T. Garcia, I. Ribosa, J.J. González, F. Comelles, Surface activity, self-
aggregation and antimicrobial activity of catanionic mixtures of surface active 
22 
 
imidazolium- or pyridinium-based ionic liquids and sodium bis(2-ethylhexyl) 
sulfosuccionate, J. Mol. Liq. 303 (2020) 112637. 
https://doi.org/10.1016/j.molliq.2020.112637.  
The authors investigated the spontaneous formation of vesicles formed by catanionic 
mixtures composed of different ionic liquid-like surfactants. They provided information 
about antimicrobial activity against fungi, Gram-positive bacteria and Gram-negative 
microorganisms. 
** [45] C.M.O. Lépori, N.M. Correa, J.J. Silber, R.D. Falcone, M. López-López, M.L. 
Moyá, Use of Ionic Liquids-like Surfactants for the Generation of Unilamellar Vesicles 
with Potential Applications in Biomedicine, Langmuir. 35 (2019) 13332–13339. 
https://doi.org/10.1021/acs.langmuir.9b01197.  
By using techniques such as DLS, Zeta potential and TEM, the authors explored two ionic 
liquids-like surfactants derived from AOT which form unilamellar vesicles spontaneously. 
The interaction with DNA of both vesicles was also reported and interesting application in 
DNA extraction, gene therapy, and gene transfection can be anticipated. 
[46] T.A. Enoki, V.B. Henriques, M.T. Lamy, Light scattering on the structural 
characterization of DMPG vesicles along the bilayer anomalous phase transition, 
Chem. Phys. Lipids. 165 (2012) 826–837. 
https://doi.org/10.1016/j.chemphyslip.2012.11.002. 
[47] J. Dey, J. Bhattacharjee, P.A. Hassan, V.K. Aswal, S. Das, K. Ismail, Micellar Shape 
Driven Counterion Binding. Small-Angle Neutron Scattering Study of AOT Micelle, 
Langmuir. 26 (2010) 15802–15806. https://doi.org/10.1021/la1027652. 
[48] E.Y. Sheu, S. Chen, John S. Huang, Structure and Growth of Bis( 2-ethylhexyl) 




[49] U. Thapa, J. Dey, S. Kumar, P.A. Hassan, V.K. Aswalc, K. Ismail, 
Tetraalkylammonium ion induced micelle-to-vesicle transition in aqueous sodium 
dioctylsulfosuccinate solutions, Soft Matter. 9 (2013) 11225–11232. 
https://doi.org/10.1039/c3sm52215f. 
[50] I.M. Umlong, K. Ismail, Micellization of AOT in aqueous sodium chloride , sodium 
acetate , sodium propionate , and sodium butyrate media : A case of two different 
concentration regions of counterion binding, J. Colloid Interface Sci. 291 (2005) 
529–536. https://doi.org/10.1016/j.jcis.2005.05.003. 
[51] P. Brown, C.P. Butts, J. Eastoe, I. Grillo, C. James, A. Khan, New catanionic 
surfactants with ionic liquid properties, J. Colloid Interface Sci. 395 (2013) 185–189. 
https://doi.org/10.1016/j.jcis.2012.12.046. 
[52] Y. Fan, Y. Li, G. Yuan, Y. Wang, J. Wang, C.C. Han, H. Yan, Z. Li, R.K. Thomas, 
Comparative studies on the micellization of sodium bis(4-phenylbutyl) 
sulfosuccinate and sodium bis(2-ethylhexyl) sulfosuccinate and their interaction with 
hydrophobically modified poly(acrylamide), Langmuir. 21 (2005) 3814–3820. 
https://doi.org/10.1021/la047129x. 
[53] C. Lin, J. Zhao, R. Jiang, Nile red probing for the micelle-to-vesicle transition of 
AOT in aqueous solution, Chem. Phys. Lett. 464 (2008) 77–81. 
https://doi.org/10.1016/j.cplett.2008.09.001. 
[54] J.I. Briz, M.M. Velázquez, Effect of water-soluble polymers on the morphology of 
aerosol OT vesicles, J. Colloid Interface Sci. 247 (2002) 437–446. 
https://doi.org/10.1006/jcis.2001.8113. 
[55] Y. Zhang, S. Serrano-Luginbühl, R. Kissner, M. ilojević-Rakić, D. Bajuk-
24 
 
Bogdanović, G. Ćirić-Marjanović, Q. Wang, P. Walde, Enzymatic Synthesis of 
Highly Electroactive Oligoanilines from a p-Aminodiphenylamine/Aniline Mixture 
with Anionic Vesicles as Templates, Langmuir. 34 (2018) 9153–9166. 
https://doi.org/10.1021/acs.langmuir.8b00953. 
[56] T. Fujisaki, G. Ćirić-Marjanović, R. Kissner, D. Bajuk-Bogdanović, S. Serrano-
Luginbühl, L.D. Schuler, A. Khaydarov, K. Kashima, A.J. Ležaić, P. Walde, How 
experimental details matter. The case of a laccase-talysed oligomerisation reaction, 
RSC Adv. 8 (2018) 33229–33242. https://doi.org/10.1039/c8ra05731a. 
[57] K. Srinivasa Rao, P.S. Gehlot, T.J. Trivedi, A. Kumar, Self-assembly of new surface 
active ionic liquids based on Aerosol-OT in aqueous media, J. Colloid Interface Sci. 
428 (2014) 267–275. https://doi.org/10.1016/j.jcis.2014.04.062. 
[58] N. Dib, J.J. Silber, N.M. Correa, R.D. Falcone, Combination of a protic ionic liquid-
like surfactant and biocompatible solvents to generate environmentally friendly 
anionic reverse micelles, New J. Chem. 43 (2019) 10398–10404. 
https://doi.org/10.1039/C9NJ02268F. 
[59] S. Mandal, J. Kuchlyan, S. Ghosh, C. Banerjee, N. Kundu, D. Banik, N. Sarkar, 
Vesicles Formed in Aqueous Mixtures of Cholesterol and Imidazolium Surface 
Active Ionic Liquid: A Comparison with Common Cation c Surfactant by Water 
Dynamics, J. Phys. Chem. B. 118 (2014) 5913–5923. 
https://doi.org/10.1021/jp501033n. 
[60] A. Safavi, N. Maleki, F. Farjami, Phase behavior and characterization of ionic 
liquids based microemulsions, Colloids Surfaces A Physicochem. Eng. Asp. 355 
(2010) 61–66. https://doi.org/10.1016/j.colsurfa.2009.11.036. 
[61] E. Nakache, O. Bouloussa, J. Bourguet, J. Lovera, P. Gregiore, Vesicles and particles 
25 
 
of sodium bis(2-ethylhexyl) phosphate in binary and ternary systems, Biochim. 
Biophys. Acta - Gen. Subj. 1074 (1991) 413–418. https://doi.org/10.1016/0304-
4165(91)90093-V. 
[62] N. Poulain, E. Nakache, A. Pina, G. Levesque, Nanoparticles from vesicle 
polymerization: Characterization and kinetic study, J. Polym. Sci. Part A Polym. 
Chem. 34 (1996) 729–737. https://doi.org/10.1002/(SICI)1099-
0518(19960415)34:5<729::AID-POLA2>3.0.CO;2-I. 
* [63] A.K. Cobo Solis, N.M. Correa, P.G. Molina, Determination of Benzyl-
hexadecyldimethylammonium 1,4-Bis(2-ethylhexyl)sulfosuccinate Vesicle Permeability by 
Using Square Wave Voltammetry and an Enzymatic Reaction, Langmuir. 33 (2017) 
12080–12086. https://doi.org/10.1021/acs.langmuir.7b03001.  
In this work, the authors determined by an electrochemical technique and an enzymatic 
reaction the permeability of the bilayer generated in vesicles formed by the catanionic 
surfactant BHD-AOT. This investigation shows that electrochemical tools can be a good 
alternative to spectroscopic methods.  
* [64] S. Stagnoli, M.A. Luna, C.C. Villa, F. Alustiza, A. Niebylski, F. Moyano, N.M. 
Correa, R.D. Falcone, Unique catanionic vesicles as a potential “nano-Taxi” for drug 
delivery systems.: In vitro and in vivo biocompatibility evaluation, RSC Adv. 7 (2017) 
5372–5380. https://doi.org/10.1039/c6ra27020d.  
Important investigation about the employment of unilamellar vesicles generated by a 
catanionic surfactant. This work showed by in vitro and in vivo experiments the 
biocompatibility and stability of the generated system. 
[65] S. Simões, J. Nuno Moreira, C. Fonseca, N. Düzgüneş, M.C. Pedroso De Lima, On 
the formulation of pH-sensitive liposomes with long circulation times, Adv. Drug 
26 
 
Deliv. Rev. 56 (2004) 947–965. https://doi.org/10.1016/j.addr.2003.10.038. 
** [66] S. Stagnoli, L. Sosa Alderete, M.A. Luna, E. Agostini, R.D. Falcone, A.M. 
Niebylski, N.M. Correa, Catanionic nanocarriers as a potential vehicle for insulin delivery, 
Colloids Surfaces B Biointerfaces. 188 (2020) 110759. 
https://doi.org/10.1016/j.colsurfb.2019.110759.  
In this work, the authors demonstrated that a catanionic vesicle can be an appropriate 
system to encapsulate and protect insulin. Additionally, experiments in mice showed 
significant decrease of glycemia after oral administration and that this organized media can 
be used as an alternative strategy to conventional therapy. 
Annotated References: 
[9] C.M.O. Lépori, J.J. Silber, R.D. Falcone, N.M. Correa, Improvement of the 
amphiphilic properties of a dialkyl phosphate by creation of a protic ionic liquid-like 
surfactant, RSC Adv. 7 (2017) 44743–44750. https://doi.org/10.1039/c7ra08907d. * 
The authors synthetize for the first time a novel protic surfactant which is an ionic liquid 
able to form reverse micelles and vesicles. This is a novel ionic liquid-like surfactant 
derived from dialkyl phosphate. 
[39] Z.S. Vaid, S.M. Rajput, A. Shah, Y. Kadam, A. Kumar, O.A. El Seoud, J.P. 
Mata, N.I. Malek, Salt-Induced Microstructural Transitions in Aqueous Dispersions of 
Ionic-Liquids-Based Surfactants, ChemistrySelect. 3 (2018) 4851–4858. 
https://doi.org/10.1002/slct.201800041. * By using viscosity, dynamic light scattering 
and transmission electron microscopy measurements the authors studied the micelle to 
vesicle transition induced by the addition of sodium salicylate. This works was the first 
about functionalized and non-functionalized ionic liquid-like surfactants derived from 
alkyl imidazolium bromides. 
[40] Z.S. Vaid, A. Kumar, O.A. El Seoud, N.I. Malek, Drug induced micelle-to-
vesicle transition in aqueous solutions of cationic surfactants, RSC Adv. 7 (2017) 3861–
3869. https://doi.org/10.1039/c6ra25577a. ** The authors determined the effects of 
diclofenac sodium on the morphology of two ILs-like surfactants dissolved in water. 
This work is particularly interesting due to the potential therapeutic use as drug delivery 
in topical applications. 
[41] Z.S. Vaid, S.M. Rajput, M. Kuddushi, A. Kumar, O.A. El Seoud, N.I. Malek, 
Synergistic interaction between cholesterol and functio alized ionic liquid based 
surfactant leading to the morphological transition, ChemistrySelect. 3 (2018) 1300–
1308. https://doi.org/10.1002/slct.201702561. * By using cholesterol the authors 
explore the transition from micelles to unilamellar vesicle employing imidazolium ionic 
liquids-like surfactants. Techniques such as turbidity, steady state absorbance and 
fluorescence, dynamic light scattering and transmision electron microscopy were used 
to determining the optimal concentration which provides unilamellar vesicles. 
[44] M.T. Garcia, I. Ribosa, J.J. González, F. Comelles, Surface activity, self-
aggregation and antimicrobial activity of catanionic mixtures of surface active 
imidazolium- or pyridinium-based ionic liquids and sodium bis(2-ethylhexyl) 
sulfosuccionate, J. Mol. Liq. 303 (2020) 112637. 
https://doi.org/10.1016/j.molliq.2020.112637. ** The authors investigated the 
spontaneous formation of vesicles formed by catanionic mixtures composed of different 
ionic liquid-like surfactants. They provided information about antimicrobial activity 
against fungi, Gram-positive bacteria and Gram-negative microorganisms. 
[45] C.M.O. Lépori, N.M. Correa, J.J. Silber, R.D. Falcone, M. López-López, M.L. 
Moyá, Use of Ionic Liquids-like Surfactants for the Generation of Unilamellar Vesicles 
with Potential Applications in Biomedicine, Langmuir. 35 (2019) 13332–13339. 
https://doi.org/10.1021/acs.langmuir.9b01197. ** Byusing techniques such as DLS, 
Zeta potential and TEM, the authors explored two ionic liquids-like surfactants derived 
from AOT which form unilamellar vesicles spontaneously. The interaction with DNA 
of both vesicles was also reported and interesting application in DNA extraction, gene 
therapy, and gene transfection can be anticipated. 
[63] A.K. Cobo Solis, N.M. Correa, P.G. Molina, Determination of Benzyl-
hexadecyldimethylammonium 1,4-Bis(2-ethylhexyl)sulfosuccinate Vesicle Permeability 
by Using Square Wave Voltammetry and an Enzymatic Reaction, Langmuir. 33 (2017) 
12080–12086. https://doi.org/10.1021/acs.langmuir.7b03001. * In this work, the authors 
determined by an electrochemical technique and an enzymatic reaction the permeability 
of the bilayer generated in vesicles formed by the catanionic surfactant BHD-AOT. This 
investigation shows that electrochemical tools can be a good alternative to spectroscopic 
methods.  
[64] S. Stagnoli, M.A. Luna, C.C. Villa, F. Alustiza, A. Niebylski, F. Moyano, N.M. 
Correa, R.D. Falcone, Unique catanionic vesicles as a potential “nano-Taxi” for drug 
delivery systems.: In vitro and in vivo biocompatibility evaluation, RSC Adv. 7 (2017) 
5372–5380. https://doi.org/10.1039/c6ra27020d. * Important investigation about the 
employment of unilamellar vesicles generated by a catanionic surfactant. This work 
showed by in vitro and in vivo experiments the biocompatibility and stability of the 
generated system. 
[66] S. Stagnoli, L. Sosa Alderete, M.A. Luna, E. Agostini, R.D. Falcone, A.M. 
Niebylski, N.M. Correa, Catanionic nanocarriers as a potential vehicle for insulin 
delivery, Colloids Surfaces B Biointerfaces. 188 (2020) 110759. 
https://doi.org/10.1016/j.colsurfb.2019.110759. ** In this work, the authors 
demonstrated that a catanionic vesicle can be an appropriate system to encapsulate and 
protect insulin. Additionally, experiments in mice showed significant decrease of 
glycemia after oral administration and that this organized media can be used as an 
alternative strategy to conventional therapy. 
Declaration of interests 
 
☒ The authors declare that they have no known competing financial interests or personal relationships 
that could have appeared to influence the work reported in this paper. 
 
☐The authors declare the following financial interests/personal relationships which may be considered 
as potential competing interests:  
 
 
 
 
 
 
